Amputations in low-and middle-income countries (LMICs) represent an important cause of disability and economic hardship. LMIC patients are young and suffer from preventable causes, such as trauma and trauma-related infections. We herein studied the etiology in amputations in a Malawian tertiary care hospital over a 9-year period. Methods Operative and anaesthesia logs at Kamuzu Central Hospital (KCH) in Lilongwe, Malawi, were reviewed for 2008-2016. Baseline demographic and clinical variables and type of amputation performed were collected. Only major limb amputations, defined as above or below the knee, above or below the elbow, and above the wrist, were included in this study. Results A total of 610 patients underwent 630 major amputations during the study period. Of these, 170 (27%) patients were female, and the median age of the cohort was 39 (interquartile range [IQR] 25-55). Of these patients, 345 (54.8%) had infection or gangrene recorded among the indications for amputation, 203 (32.2%) had trauma, 94 (14.9%) had cancer and 67 (10.6%) had documented diabetes. Women underwent diabetes-related amputations more often than men (37 out of 67, or 56.1%), and were significantly younger when their amputations were due to diabetes (median age 48 vs 53 years old, P=0.004) or trauma (median age 21 vs 30 years old, P=0.02). The commonest operative procedures were below the knee amputations, at 271 (43%), and above the knee amputations, at 213 (33.8%). Conclusion Amputations in Malawi affect primarily the young, in the most economically productive time of their lives, in contrast to amputees in high-income countries. Preventable causes, such as infection and trauma, lead to the majority of amputations. These etiologies represent an important primary prevention target for public health efforts in LMICs.
Introduction
Amputees in low-and middle-income countries (LMICs) represent a formidable rehabilitative and integrative challenge, with a significant burden of disability shouldered by the individual. The physical, psychological, social and economic consequences of amputations are devastating to individuals, families, and society as a whole. In sub-Saharan Africa (SSA), women with disability have a 54% higher number of years lived with disability than do those in Europe, and 21% higher than women in Asia (16% higher for men relative to both regions) 1 . Major limb amputation is one of the most ancient of all surgical procedures with a history of more than 2500 years 2 , and has been used for punitive, ritual and therapeutic reasons, including trauma, peripheral vascular disease, neoplasia, infection and congenital anomalies 3 . Limb amputation is considered an operative intervention of last resort when limb salvage is impossible, when the limb is viable but nonfunctional, or when it endangers the patient's life 4 . In LMICs the inability to access adequate rehabilitative and prosthetic services frequently precludes the amputee from returning to a functional status 5 . The etiology and incidence of amputations in LMICs differs from that of high-income countries (HICs) 6, 7 . In HICs, diabetic vasculopathy or neuropathy is the most common etiology, followed by peripheral vascular disease, trauma and neoplasia; furthermore, patients are usually in the sixth to eighth decades of life [7] [8] [9] . In North America, 3.6 million people are projected to suffer from limb loss by the year 2050 8 . Although there is a dearth of data on the incidence, etiology and outcomes of major amputations in SSA, available data suggest that the amputee population is much younger, with the majority being under 40 years of age [10] [11] [12] . This contrasting age distribution may reflect the differing etiologies of amputation in SSA 10, 11, 13 . Malawi, a land-locked southeastern African nation, had a GDP of US$340/person in 2014 14 , and perennially ranks among the world's five poorest nations. The economy is dependent on subsistence farming, the majority of workers engage in physical labour, and adults are almost universally employed: 98% of 50-64 year olds and 90% of adults aged 65+ reported labour force participation in 2009 1 . Over 90% of women working outside the home participated in agricultural labour in 2013 15 . This predominance of physically demanding occupations makes physical disability a livelihood-and life-threatening condition. For example, a study based on survey data in Malawi estimated that a 55-year-old male reporting severe physical limitations from disability contributed only half the farm labour of his healthy counterpart 1 . The purpose of this study was to describe the indications and patient characteristics of amputees in Malawi.
Methods
This is a retrospective analysis of major limb amputations performed at Kamuzu Central Hospital (KCH) from January 2008 to December 2016. KCH is a public, 900-bed, tertiary care centre in the capital, Lilongwe, with a catchment population of over 6 million. It receives referrals from local district hospitals in the region of Central Malawi. Operative and anaesthesia theatre logs were reviewed for the general surgery and orthopaedic services. The following data variables were collected: age, sex, date of surgery, indication for amputation and type of amputation performed. Adult (age 16 years and older) patients were included. Each patient had up to three indications for amputation recorded; for example, a single patient could receive an amputation because of trauma-related infection, which would be charted as 'trauma' and 'infection'. Patients were included if they received a major amputation, defined as above the ankle, above the wrist, or at/above the wrist level. In the case of disarticulations (19 operations), only the first operation was included in the data, and any subsequent formalizations of the amputation were not counted as separate procedures. Furthermore, in a small subset of patients who returned to the operating room on more than one occasion, only the highest level of an amputation was counted, and was included only once. Data was de-identified and files were stored in a secure locked room. Study personnel had access to de-identified data only. Descriptive statistics are provided, with means (standard deviations; SD) or medians (interquartile ranges; IQR) as appropriate. All analysis was performed using STATA (StataCorp, 14.2, College Station, TX).
Results
A total of 610 patients underwent 630 major amputations during the study period. Of these, 170 (27%) patients were female, and the median age of the cohort was 39 (IQR 25-55). Of these patients, 345 (54.8%) had infection or gangrene recorded among the indications for amputation, 203 (32.2%) had trauma, 94 (14.9%) had cancer and 67 (10.6%) had documented diabetes mellitus (Table 1 ). There is a male preponderance in all etiologies of amputation except in the diabetic cohort (Table 2) : males accounted for 239 of 345 (69.3%) of infectious or gangrenous amputations; 166 (81.8%) of the 203 trauma-related amputations; and 51 out of 94 (54.3%) of neoplastic amputations. However, there were more diabetes-related amputations in females than in males, at 37 out of 67 (56.1%). The overall age distribution (Table 3) was similar for males (median: 38, IQR: 26-54) and females (median: 40.5, IQR: 23-56; P=0.89). However, women were significantly younger at amputation than men when their amputations were due to diabetes (median age 48 vs 53 years old, P=0.004) or trauma (median age 21 vs 30 years old, P=0.02). Below the knee amputations (BKAs) were the most common procedure, accounting for 271 or 43% of surgeries, followed by above the knee amputations (AKAs) (213, or 33.8%). Nineteen patients (3%) underwent bilateral amputations. Upper extremity amputations were a minority, representing 89 (14.1%) of all procedures, and both above and below elbow amputations were evenly distributed at 51.7% and 48.3%, respectively. a Note: because each patient could have more than one indication for procedure, the total number of indications included here exceeds the total number of patients. Furthermore, because a patient could have a bilateral amputation, the total numbers reported below for amputations may exceed the total number of patients. AKA, above the knee amputation; AEA, above the elbow amputation; BEA, below the elbow amputation; IQR, interquartile range. In cancer-related amputations, sarcoma was present in 32 (34%), followed by malignant melanoma in 9 (9.6%) patients, and squamous cell carcinoma in 6 (6.4%). Bone tumours of unspecified type were present in 12 (12.8%) of additional patients, and unspecified malignancies accounted 37.2% of the remaining neoplastic amputations. Median age at neoplasia-related amputation was 38 (IQR 21-56). 
However, as most of the infection-related amputations in our setting likely stem from a traumatic event, such as soft tissue injury, chronic osteomyelitis following a fracture, burn sepsis or animal bites, it is likely that the true proportion of infection-related amputations is lower than that reported.
Diabetes was documented in a minority of our patients (10.8%), but the true prevalence of diabetes in our population, and in those from other studies from the region, is likely underestimated
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,due to the lack of diagnostic adjuncts. The reported prevalence of diabetes in SSA was recently postulated at between 2% and 14% 28 , and in a recent study of 1135 patients at a primary care clinic in Lilongwe, 18% of new patients were diagnosed with diabetes over a 1-year period 29 . In contrast to diabetic amputees in HICs, our diabetic patients underwent amputations at the median age of 52, with women being significantly younger than men. A study of diabetic patients from Tanzania reported a mean age at the time of amputation to be 55.6 years old 30. In a 7-year review of 1841 diabetic patients from Cameroon, the diabetic foot ulcer prevalence was 13%, mean age of diabetics was 57.3 years, and the incidence of amputation was 16% 31 . A large study of 1280 nontraumatic major and minor amputations in Cape Town, South Africa, found that 925 (72.3%) of all amputations were in diabetics 32 .
We had limited information on the histopathological characterization of neoplasia-related amputations in our study, and due to the nature of our data collection, confirmation with a pathology review was impossible. The true incidence of bone tumours in Malawi is unknown, but a study from a palliative care centre reported that bone cancers were found in 1.1% of the 842 patients referred to the institution over a 7-year period, and had a median survival time of 3.7 months from presentation 33 . The aim of neoplasia-related amputations in our study was also impossible to determine, although anecdotal evidence indicates a palliative rather than curative intent. At 15.4%, the proportion of our neoplastic amputations is similar to those reported elsewhere 18, 20, 22, 23, 34 ; also similarly, the majority of cancers in our study were sarcomas (34%). In one study from Kenya, 24% of patients had tumours at amputation, with 66.6% of those diagnosed as osteogenic sarcoma 18 . Another study of specifically bone tumours seen in an orthopaedic hospital in Lagos, Nigeria, found that 57.1% of them were osteosarcomas, followed by malignant fibrous histiosarcoma and chondrosarcoma 35 . In a series of 216 bone tumour patients from Addis Ababa, 51 patients had osteosarcoma (23.6%) 36 . A 10-year review of Cameroonian patients found 122 malignant tumours of the extremities, and found that 39% were osteosarcomas, 27% malignant non-Hodgkin bone lymphomas and 14.8% fibrosarcomas 37 . This study is limited by its retrospective methodology and the absence of outcomes data. Furthermore, operative and anaesthesia logs for 2012, 2013 and 2014 were incomplete, making it impossible to generalize trends in amputations or their etiologies at our institution. Another major limitation inherent in this low resource setting is the lack of availability of clinical charts for these operative patients. Because paper charts were not stored with operative logs, and because of restructuring of the hospital's data storage system, we could Table 3 . Median age at operation for males and females, overall and by indication for amputation a a 25% and 75% interquartile ranges are in parentheses
Discussion
This is the first report of the epidemiology of major amputations in Malawian adults, and one of the largest series of major amputations from SSA in the literature. An earlier study of amputations from Malawi, by Banza et al., from Blantyre, studied children aged 0-18 years and found the most common indication for amputation in this study population was congenital limb malformation 16 . We found a predominance of young males with lower extremity amputations in our patient population, in keeping with the findings of other studies in the region. The lower extremity predominates, although the exact distribution of BKAs to AKAs differs slightly. Most studies found BKAs to be most common; however, in Jos, Nigeria, and Nairobi, Kenya, AKA was the most common procedure, at 48.9% and 55%, respectively 17, 18 . The median age in our study, at 39, is also similar to other reports from central and west Africa [17] [18] [19] [20] . Of amputees in Kenya, 59.3% were younger than 29 years, and in Nigerian studies the average age at amputation ranged from 20 to 44 years 13, 17, 21 , depending on the study. The relative youth of SSA amputees reflects the disparity in amputation etiologies between LMICs and HICs.
Similar to other studies from the region, we report predominantly traumatic, infectious and neoplastic etiologies in our amputee population. Trauma affected 32% of our patients, a figure which falls in the middle of those reported elsewhere in the region: 13.1% in Rwanda . The efforts to strengthen orthopaedic trauma care at KCH through international partnerships have resulted in an increased capacity to perform limb-saving procedures (external fixation, soft tissue flaps, etc.) for open fractures. This has reduced the number of amputations as the fraction of orthopaedic procedures at KCH, despite a rapidly rising burden of road traffic injuries 26 . The variation in the incidence of trauma-related amputations in the region may be attributable to differing regional trauma profiles, health care system capacity and the availability of trained surgical workforce. In our study, infection-or gangrene-related amputations represented 45.6% of indications, a percentage higher than those reported elsewhere. Most of the studies reviewed above report 5.1-43.9% of amputations due to infection [17] [18] [19] [20] [21] [22] [23] [24] [25] . It is unclear whether this stems from an underlying difference in patient populations or from discrepant etiologic definitions. In our study, the higher than expected number of infection- not locate hospital charts to cross-reference with operative logs. We therefore do not know how complete our etiologic data were, or what were the patient outcomes. The limited granularity of indications data makes it possible that diabetes and trauma were present in a larger proportion of our patients than is reported. The strengths of this study include its duration, number of cases reported, and the ability to access all of the available operative documentation for the services performing amputations at our institution.
Conclusion
Amputations in Malawi stem from largely preventable causes, and affect primarily young males in the prime of their lives. Further studies are needed to determine the outcomes and long-term functionality of amputees in the region. The most common etiologies of amputations in this study-trauma and infection-represent important primary prevention targets in this economically vital population.
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